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Using a serum raised in rabbits against a calcium 
binding protein extracted from rat skin, the cutaneous 
localization of this protein was studied by indirect im-
munofluorescence. 
The skin calcium binding immunoreactivity was found 
in the epidermis but not in the dermis; it was localized 
in the cytoplasm of the basal cell layer of both skin and 
malpighian mucosa. Thel'e was not species specificity; 
this allowed the tracing of the protein in human epider-
mis as well where it was also expressed only in the basal 
cells. This is the first demonstration of the unique local-
ization of a specific protein within the cytoplasm of the 
basal cell layer of the epidermis. This localization may 
help to elucidate the physiological role of this protein. ' 
Calcium binding protein (CaBP) is one of the known molec-
ular e xpressions of the hormonal action of the cholecalciferol 
(vitamin D) on intestine. In this organ, CaBP is found in the 
cytoplasm of absorptive cells in mammals a nd birds [1, 2]. The 
role of intestinal CaBP is supposed to be either in calcium 
transport [3] or in "buffering" intracellular calcium [4]. Re-
cently we (5] ha ve demonstrated that a vitamin D dependent 
CaBP was present in rat skin. Molecular weight a nd chromato-
graphic properties of this cutaneous CaBP (SCaBP) were sim-
ilar to intestinal CaBP (iCaBP). However , it was immunologi-
cally different. Since SCaBP was isolated from t issue specimens 
containing both dermis a nd epidermis, th e distribution within 
the s kin of this protein was not known. Knowing the localization 
of SCaBP in the skin may help elucidate its function [3). In this 
st udy immunohistological tracing of SCaBP in the skin of 
several species was p erformed. Since SCaBP h as been found to 
vitamin D dependent [5] and since DVB is r esponsible for the 
photobiosynthesis of vitamin D3 in th e epidermis [6] we also 
studied unexposed malpighian (mucosal) epithelial for the con-
tent a nd distribution of SCaBP. 
MATERIALS AND METHODS 
Antisera 
A rabbit serum containing antibodies against rat SCaBP. was ob-
tained as previously described [5]. Briefly, SCaBP from whole Spran-
gley albinos rats skin was extracted by homogenization and purified by 
chromatography. An antiserum to the pW'ified protein was raised by 
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immunization of white rabbits. Its specificity and cross reactivity were 
tested with an Ouchterlony's double immunodiffusion techniqu e; briefly 
a single precipita tion line was obta ined with both crude skin extract 
and purified SCaBP [5]. Preimmune serum and a rabbit antiserum to 
in testinal CaBP (iCaBP) [3] were used as controls. 
A bsorption 
Rabbit antiserum to rat SCaBP was absorbed with the purified 
protein [5]; SCaBP (at a concentra tion of 2 and 20 mg/ ml owing to the 
strength of the antiserum) was incubated with the antiserum dilu ted 1/ 
10 to 1/640 for 1 hI' at + 37°C and 24 hI' at + 4°C then centrifugated at 
2700 g for 1 hI' and the supernantant was taken as reagent for IIF 
procedure. In a same way, control absorptions were made with rabbit 
brain and liver extracts (20 mg/ ml) Cappel Laboratories. USA). 
Indirect Immunoflu.orescence (IIF) 
Back skin and oesophagus specimens were obtained from Sprangley 
albino rats, New Zealand rabbits, Hartley guinea-pigs and C3H inbred 
mice. Sagittal section from the inferior lip of the same animals was 
obtained in order to study the parakeratotic and mucosal sides of these 
substrates as previously described [7]. Normal human skin specimens 
were provided by the plastic surgery unit. 
One- and lO-day-old neonatal mouse skin, ad ul t rat, and guinea pig 
in tesinal specimens were included in the study. 
The specimens were snap fi'ozen in liquid ni trogen and kept at -30°C 
within a week, they were sectioned with a cryostat microtome set at 4 
fLM. 
Isolated epidermal cells were obtained by trypsinization from guinea 
pig ears [8]. The cells were cultured 2 days in standard culture condi-
tions, air dried, washed and submitted to the IIF procedure. 
The tissue sections or cul tured cells on coverslips were incubated 
with the SCaBP antiserum (dilu ted 1/ 10 to 1/ 640 in PBS) for 30 min 
at room temperature; after washing for 30 min in PBS, they were 
incubated for 30 min with commercially prepared (lnstitut Pasteur 
Paris) fluorescein isothiocyanate (FITC) labeled sheep anti-rabbit IgG 
(H + L) antiserum (specific antibody concentration: 2.0 mg/ ml; FITC 
to prote in ratio: 7.8; working dilu tion in PBS 1/40 to obtain 50 fLg/ ml 
of specific antibodies). T he slides were then washed for 60 min in PBS 
and mounted in PBS glycerol. They were examined with a Leitz 
Orthoplan n~ icroscope eq uipped for incident illumination. 
RESULTS 
The anti-SCaBP was found to give a very brigh t staining of 
the basal cell layer of rat back skin (Fig 1) . The pattern was 
consistent with a cytoplasmic staining. No reaction was seen 
with the preimmune serum, Absorption of the a nt i-SCaBP 
serum with SCaBP resulted in a sharp decrease in th e titer 
(Table). The a nti-iCABP serum did not react with rat skin nor 
did the anti-SCaBP serum react wit h rat or guinea pig intestine. 
Anti-rat SCaBP serum also reacted wi th orthokeratotic epi-
thelia from guinea pig, rabbit, mouse a nd huma ns. The same 
distribution of the staining to the basal cell layer a nd localiza-
tion to the cytoplasm was observed. A similar staining pattern 
was also noted in parakeratotic and mucous epit helia as well as 
in the outer root sheath of hair s. 
On isolated guinea pig epidermal cells the staining pattern 
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FIG ). A , Basal cell layer staining of the epidermis (rat bach shin) 
with SCaBP antiserum reacted by IfF (serum diluted 1/40). B, Same 
antiserum as in (A) diluted 1/ 40 absorbed with 20 mg/ml of the skin 
calcium bjnding protein. Note the inhibition of the staining as compared 
to (A). C, Rabbit antiserum to rat in testinal calcium binding protein. 
There is no reaction with the skin. 
was a thin cytoplasmic network with peri nuclear condensation 
(Fig 2) . 
DISCUSSION 
In this paper we demonstrate that a calcium binding protein 
extracted from rat skin (SCaBP) (i) is found in the epidermis 
but not in the dermis, (ii) is localized in the cytoplasm of the 
basal cell layer, (iii) is present in both skin and malpighian 
mucosa, (iv) is not species specific since it was revealed, with a 
rabbit antiserum to rat SCaBP, in the epidermis of several 
mammals including humans. 
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FIG 2. Staining pattern on isolated air dried guinea-pig ear epider-
mal cells. Note the intracytoplasmic network. 
Skin calcium binding immunoreactivity was only found 
within the basal "germinative" layer and was no longer detect-
able as soon as the cell progressed in the differentiation process. 
The distribution was homogeneous within the cells in the basal 
position. This finding is not in accordance with the concept of 
heterogeneity of the basal cell population [9-11]. If such h et-
erogeneity has a molecular expression, SCaBP is not involved 
in this expression. Such uniform and exclusive expression of 
antigenic molecules within the basal cell layer has been previ-
ously reported [7,12]. The biochemistry of these molecules 
(epidermal cytoplasmic antigens) has not yet been elucidated 
and to date they are only defined by their corresponding anti-
serum. To our knowledge, then, this is the first demonstration 
of the unique localization of a specific protein in the basal cell 
layer. 
SCaBP immunoreactivity was found in the cytoplasm of the 
cells. This fact was extrapolated from the immuno histological 
pattern on tissue sections and confirmed on isolated epidermal 
cells which allowed a better analysis. Such cytoplasmic expres-
sion is in accordance with the fact that SCaBP is found in the 
100,000 g supernatant of the skin extract, suggesting a cytosolic 
localization [5]. We cannot comment further on the significance 
of the network pattern which may suggest an association with 
the cytoskeleton of the cell [13]. 
Since SCaBP immunoreactivity was localized in the epider-
mis and only detectable in the cytoplasm of the basal germi-
native layer, this may provide a clue for its physiological role 
within the epidermis: A protein with calcium binding activity 
is known to be present in the intestinal epithelium [3,4]. The 
intestinal calcium binding protein (iCaBP) has a similar molec-
ular weight and chromatographic properties to the skin CaBP. 
However, the 2 proteins are immunologically distinct [5] as we 
confirmed in this study. Although iCaBP has been studied for 
several years, its function is not clear. It has been implicated in 
calcium transport [3] and in intracellular calcium buffering 
[4]. Currently, the function of the epidermis is thought to be 
different from that of the intestinal epithelium. Therefore while 
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Indirect immunofluorescence on rat back shin specimens 
Rabbit serum with antibodies to 
rat skin calcium binding pro-
teine 
Unabsorbed 
Asorbed with 
- Rat skin CaBP" 2 mg/ ml 
-Rat skin 20 mg/ml 
-Ra bbit brain extract 
20 mg/ mle 
-Rabbit liver extract 
20 rog/rolc 
Rabbit serum with antibodies to 
rat intestinal calcium binding 
protein! 
a See Fig lAo 
Pattern of Reaction/! 
Basal cell layer (cytoplasm) 
Basal cell layer (cytoplasm) 
Basal cell layer (cytoplasm) 
Basal cell layer (cytoplasm) 
Basal cell layer (cytoplasm) 
No staining 
1/ 10 
+++ 
++ 
++ 
+++ 
+++ 
1/ 20 
+++ 
++ 
+ 
+++ 
+ + + 
Intensity· according to seru m dilu tion 
1/ 40 1/ 80 1/ 100 1/ 320 1/ 640 
+++ +++ +++ ++ + 
++ + 
+++ +++ +++ ++ + 
+++ +++ +++ ++ + 
b Arbitrarily quantitated from -- to +++ by 2 independent observers. 
C and d see reference 5. 
o Cappel Laboratories USA. 
f see reference 3. 
bo t h proteins are closely similar, the skin CaBP may have a 
t otally distinct biological function. The function of SCaBP must 
noW be studied with consideration to both calcium homeostasis 
and intrinsic epidermal biology. 
The link between vitamin D and SCaBP might be one of the 
first directions of study. The skin is a unique site of endogenous 
vitarrlln D3 synthesis. It has been shown that vitamin D3 'is 
formed in the epidermis as the result of UVB exposure [6]. The 
amount of SCaBP extractable from the whole skin has been 
found to be vitamin D dependent, since there was less SCaBP 
in rat skin after vitamin D deprivation [5]. The presence of 
SCaBP in malpighian tissues unexposed to UVB exposure (such 
as outer root sheath of hairs and buccal or oesophagal mucosa) 
may be interesting in this respect. 
Finally the antiserum raised against"rat SCaBP reacted with 
other mammalian malpighian epithelia. This is not surprising 
since immunological similarities are well known for molecules 
from different species having similar function and/or tissue 
specificity. This observation provides the opportunity to look 
for SCaBP in human skin, in several situations including sys-
teITIic and cutaneous diseases. 
Chantal Carreaud is acknowledged for technical assistance. 
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